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Variations in Coastal Temperatures on the Southern and 
Central California Coast 
E. J. LIST AND R. C. Y. KOH 
W. M. Keck Laboratory, California Institute of Technology, Pasadena, California 9JJ25 
Th.e resu.its of a time series analysis of several years of coastal ocean temperature records are presented 
for d1scuss1on. The records have been analyzed by using digital filtering, covariance and spectral analysis. 
Th~ low~frequenc~ c~mponent of the temperature signal shows a strong seasonal component in southern 
C~hf~rma. Ther~ 1s ~1ttle season~( fluctuation b~twee.n Point Conception and Pacific Grove. A period of 
m1dwm~er w~rmmg 1s appare~t m .sout~ern Cahforma. Intermediate frequency components show strong 
correla.t1ons m sou.them Cahforma with the presence of distinct and substantial temperature events 
occumng almost s1multa~e?usl~ over distances of the order of 200 km. H1gn-1reque111..y ..:ompunents 
have a large standard deviation m summer (0.8°C) and a low standard deviation in winter (0.4°C); these 
componen.ts are uncorrelated at stati.ons e~en a few miles ~part. Some coastal stations show a strong 
possible diurnal component; others •. mc!udmg the ?ffshore islands, show no such components. Morro 
Bay appears to have an extraordmanly large dmrnal component of temperature fluctuation. No 
att~mpt has been made in this paper to relate these phenomena to other oceanographic or meteorological 
vanables. ' 
INTRODUCTION 
The variation in natural coastal ocean temperatures in Cali-
fornia has been the subject of a significant number of previous 
investigations. Most of these studies have been concerned with 
the determination of either very short period fluctuations or 
with mean long-term seasonal changes. 
The investigations of short-term phenomena, notably by 
Ufford [1947a, b, c], Ewing [1950), Arthur [1954), Armstrong 
and La Fond [1966), Cairns [1967), and Winant [1974) seem to 
indicate a relationship between temperature fluctuations and 
internal waves. Others, including Reid [1956), Cairns and 
La Fond [1966), and Cairns and Nelson [1970), have related the 
temperature variations to wind and ticlal motions. Recent 
studies by Apel et al. [1975) seem to indicate that internal 
waves may be tidally generated, as proposed by Zeilon [1934), 
and that the rapid temperature changes could be caused by 
internal surf, as predicted by De/ant [1950]. Liepper [1955] 
argued that variations in bottom topography could be respon-
sible for vertical mixing, since topographic undulations could 
lead to spatial current variations and therefore turbulent mix-
ing. He argued that such turbulence-induced mixing would 
occur at the same tidal period each day and lead to identifiable 
masses of water of different temperature. Stevenson and Gor-
sline [1956) claim to have measured the movement of such 
water bodies off San Pedro, California. 
Studies of long-term, or seasonal, variations of temperature 
on the coast were carried out by Tully [1938) and Hubbs 
[1948). They attempted to relate seasonal changes to atmo-
spheric temperature. Roden [1959] attempted to derive a heat 
and salt balance for the California Current region but reported' 
disappointing results. Bakun [1973) has recently performed an 
analysis in an attempt to formulate an upwelling index for the 
west coast of the United States, and obviously, upwelling 
should be a significant factor in coastal temperature fluctua-
tions. 
Although the above studies have been concerned with par-
ticular aspects of the temperature variation in the coastal 
ocean, there has been no systematic investigation of the range 
of temporal or spatial scales of the fluctuations except some 
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airborne infrared studies by Squire [1971 ]. This paper is a 
report on an attempt to determine these scales. 
The results of time series analyses of daily temperature data 
from 18 stations on the Pacific coast of the United States will 
be presented. The data were collected by the Institute of Ma-
rine Resources of the Scripps Institution of Oceanography 
(SIO) and have been previously distributed by SIO [Robinson, 
1972). The data analyses described herein have not. The data 
are from stations (Figure I) primarily in southern California; 
six stations are north of Point Conception, California, and two 
stations are outside of California (Neah Bay, Washington, and 
Columbia River, Oregon). 
The emphasis in this paper is on the presentation of the 
outcomes of the data analysis, since some of the results are 
surprising in themselves. Essentially no attempt will be made 
at this time to relate the phenomena revealed by the data 
analysis to oceanographic or meteorological variables; this will 
be the subject of a later paper. 
THE DATA 
The data consist of daily temperature readings taken with 
identically calibrated bucket thermometers. The temperatures 
were taken, generally at the end of the local pier or jetty, at 
approximately 8 A.M. local time by a local citizen or lifeguard 
equipped with a bucket thermometer provided by SIO (M. K. 
Robinson, personal communication, 1975). These daily re-
cordings of temperature were then collected and tabulated by 
Institute of Marine Resources personnel and published by 
SIO. The records at some stations are complete; at others, gaps 
of a period of a day or two and up to as long as a week, appear 
infrequently. The data analyzed for this publication have a 
minimal number of such omissions and may probably be 
considered to be one of the best records of Pacific coastal 
temperatures in the United Statl:l1. Robinson [1960) has used 
some of the same data from an earlier period (1950-1959) to 
assess climatic coherence in temperature and salinity from 
Alaska to California. 
DATA ANALYSIS 
The analysis of the temperature data was primarily directed 
at determining the level of predictability of the recorded tem-
peratures at each station. The first processing was therefore 
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Fig. I. Temperature measurement stations on the Pacific Coast of 
the United States (I mi = 1.6 km). 
simple digital filtering to decompose the temperature signals 
into three frequency bands. A simple comb filter with half-
power cutoffs at frequencies of 0.059 and 0.0084 d- 1 was used. 
The first frequency corresponds to a half-power cutoff period 
of 17 d, and the second to a period of 120 d. The temperature 
signal is thus decomposed into three bands with periods of 
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essentially 2 weeks or less, 2 weeks to l season, and l season to 
many years. An example of the results of such processing of 
the daily temperature records for Oceanside, California, for 
the period November 1966 to September 1971 is shown in 
Figure 2. The upper record (the long-period component) 
shows a well-defined seasonal fluctuation with a warming in 
summer and cooling in winter. However, in midwinter there 
appears to be an anomalous warming of the ocean. Records 
for all southern California stations show this feature, although 
not every winter. A speculative explanation of the phenome-
non has been suggested by Koh and List [1975]. 
The second trace in Figure 2 is the high-frequency com-
ponent, or fluctuations with periods of 2 weeks and less. It can 
be seen that there is an almost universal increase in the vari-
ance of this signal in summer and a decrease in winter, as 
found previously by Cairns and Nelson [1970] for Mission 
Beach, California. This will be discussed in greater detail 
subsequently. The third trace is the unfiltered raw data. The 
fourth trace is the midfrequency component of the temper-
ature signal. It can be seen to comprise about 8 or so distinct 
temperature events each year, some of quite substantial magni-
tude. 
Similar digital filtering was carried out for 13 stations on the 
west coast, and the results of these analyses are very informa-
tive. In Figure 3 the long-period frequency bands are presented 
for several stations for the years 1968-1970. It can easily be 
seen that all the southern California stations (La Jolla to Santa 
Barbara) are well correlated, showing a well-defined seasonal 
pattern. There is, however, a lag in the attainment of the 
midsummer peak temperature associated with a northward 
displacement of stations. North of Point Conception the sea-
sonal pattern disappears, the result being that Morro Bay and 
Pacific Grove, although apparently correlated, show little sea-
sonal fluctuation. North of California the seasonal pattern is 
again established, but the peak temperature sometimes occurs 
relatively early in the summer. 
The high-frequency signals are shown in Figure 4a. The 
Neah Bay records show a high-intensity fluctuation in summer 
and a lower intensity in winter, whereas the Columbia River 
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Fig. 2. Typical southern California daily temperature record (Oceanside, California, beginning October I, 1966) 
decomposed into frequen·cy bands (see text for frequency definitions). 
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Fig. 3. Low-frequency component of temperature variations at selected Pacific coast stations (beginning February 21, 
1968). (Each curve is displaced +5° from the curve below it.) 
station shows a relatively high intensity except for a brief 
period in spring each year. At the other extreme, the high-
frequency component at Pacific Grove shows only a modest 
increase in intensity in summer relative to winter. However, 
Morro Bay, which is also north of Point Conception, but 
much further south of Monterey Bay than Pacific Grove, 
shows the well-defined summer high-winter low intensities 
common to the southern California stations. When the ampli-
tude modulation of these high-frequency fluctuations is 
plotted (Figure 4b ), it can easily be seen that apart from the 
seasonal pattern there is essentially no correlation between the 
various stations at this frequency level; eacl\ fluctuation ap-
pears to be a purely local phenomenon. 
When the intermediate frequency bands at each of the above 
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stations are plotted (Figure 5), it can be seen that there is some 
correlation between the signals at Neah Bay and Columbia 
River but that these stations are uncorrelated from the Califor-
nia data. There does appear to be a small correlation of events 
between Pacific Grov~ and Morro Bay, but the level of correla-
tion with the southern California stations is minor. However, 
there are some well-defined events in southern California 
whose presence is felt, in a minor way, as far north as Morro 
Bay. In southern California the apparent correlation between 
stations is high, although there are distinct events in the San 
Clemente-La Jolla area which have only a small influence on 
the Santa Monica and Santa Barbara records. On other occa-
sions, events are common to the entire southern California 
bight stations. It is apparent therefore that the phenomena 
JUL JAN JUL 
~g 
~INlllN>l.lllill~IMrw.lllAolo~~"""""""""'MJ~~'tflJ~~_...,..;,.11141~'°""',.,...._¥11~~"""""°"~'""'l 
200 600 BOO 1000 
DRYS 
Fig. 4a. High-frequency component of temperature variations at selected Pacific coast stations (beginning February 21, 
1968) referred to zero mean. -
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Fig. 4b. Amplitude modulation of high-frequency component of temperature variations at sele<;ted Pacific coast stations 
(beginning February 21, 1968) referred to zero mean. 
which give rise to these events extend over areas from as far as 
La Jolla to Santa Barbara but more often only over distances 
of the scale of from La Jolla to San Clemente or Santa Monica 
to Santa Barbara. The explanation of these events is currently 
under investigation. 
CORRELATIONS AND SPECTRA 
The degree of correlation of the records from different tem-
perature measuring stations that is apparent in the results 
presented above was analyzed in a more systematic fashion by 
use of covariance and correlation analysis. The data were first 
high pass filtered with a half-power cutoff at 120 days to 
remove the seasonal fluctuations. The filtered data were then 
assumed periodic with a period of 1024 days and the co-
variances formed for various lags. 
The correlation between Neah Bay, Washington, and La 
Jolla, California, was found t<;> be essentially zero (correlation 
coefficient 0.03), which is hardly surprising. At the other ex-
treme, the correlation between north and south Point Lobos is 
comparatively high (correlation coefficient of 0. 77). In north-
ern California there appears to be a marginal correlation be-
tween Fort Ross and the three stations at the south side of 
Monterey Bay (north and south Point Lobos and Pacific 
Grove): correlation coefficients of 0.46, 0.56, and 0.36 were 
found, respectively. For the intermediate frequency com-
ponents alone these correlation coefficients rise to 0.67, 0.77, 
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Fig. 5. Intermediate frequency temperature variations at selected Pacific coast stations (beginning February 21, 1968) 
referred to zero mean. 
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and 0.49, respectively. There is some phase shift apparent in 
the covariance between stations, although it is probably not 
significant, as there is no well-defined trend. The Farallon 
Islands seem to be uncorrelated with the coastal stations. The 
maximum correlation is with north Point Lobos, and the 
correlation coefficient is only 0.19. However, for the inter-
mediate frequency component alone the correlation coefficient 
relative to Fort Ross does rise to 0.49 in some years. 
In southern California all the stations seem to be relatively 
more highly correlated, including to a Jesser degree, A val on on 
·Santa Catalina Island (Figure 6). There is little if any phase 
shift in the covariance between stations in southern California, 
confirming that the correlation is associated with a phenome-
non with a large lerigth scale. 
The covariances of Morro Bay and other stations are inter-
esting, as they disclose a strong sinusoidal component for 
some stations located on the coast but not with offshore sta-
tions, such as the Farallon Islands or Avalon. In Figure 7 the 
covariances of Morro Bay with Neah Bay, Fort Ross, Pacific 
Grove, Santa Barbara, Santa Monica, and to a lesser extent, 
La Jolla all show this sinusoidal component with a period of 
about 14.7 d corresponding to a frequency of 0.068 cycles/d. 
A possible explanation for this oscillatory behavior of the 
covariances is apparent when the spectra of the temperature 
records are considered. Figure 8 shows the spectra for Morro 
Bay, Neah Bay, Pacific Grove, Santa Barbara, Santa Monica, 
La Jolla, and the offshore islands. There is a spectral peak at a 
frequency of0.068 cycles/din all of the coastal station spectra 
(with the notable exception of La Jolla) but not in the spectra 
for Avalon or the Farallon Islands. The peak in the Morro Bay 
spectrum is quite exceptional. These spectral peaks could be 
associated with aliases of the tidal frequencies. Owing to the 
fact that the Nyquist frequency is 0.5 cycles/d, both the semi-
diurnal and diurnal tidal frequencies fold into a frequency of 
approximately 0.068 cycles/d. It appears to be more than a 
coincidence that bay temperature spectra show this folding but 
that offshore island spectra do not. A temperature spectrum 
from Long Beach harbor (Figure 9), obtained with a folding 
frequency of 0.5 cycle/hour, shows well-defined semidiurnal 
and diurnal peaks, and it seems likely that peaks such as these 
will occur in other bay spectra. The intensity of the peaks for 
Morro Bay is surprising, however. Cairns and Nelson [1970] 
found diurnal peaks at middepths at Mission Beach, Califor-
nia. However, it should also be noted that the semidiurnal and 
diurnal partial high and low waters coincide with a period of 
14.3 d, and the strong component with this frequency could be 
associated with the spring and neap tides. 
There is some interest in comparing two neighboring sta-
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Fig. 6. Covariance of the daily temperature record at La Jolla, California, with selected southern California station 
temperature records for the period February 21, 1968 through December 11, 1970 (seasonal trends removed and each curve 
displaced 0.25 from the curve below). 
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Fig. 7. Covariance of the daily temperature record at Morro Bay, California, with selected Pacific coast station 
temperature records for the period February 21, 1968, through December 11, 1970. (Seasonal trends removed and each 
curve displaced 0.25 from the curve below.) 
tions in southern California, since the coherence of the temper-
ature records of two adjacent stations provides some insight 
into the scale of the high-frequency fluctuations. The low, 
intermediate, and high frequency data for San Clemente and 
Doheny Beach are shown in Figure 10. Doheny Beach and San 
Clemente are about 5 km apart and are about 70 km north of 
La Jolla. It is readily seen that there is a very high degree of 
correlation in the low and intermediate frequency bands, but 
there is little correlation in the high-frequency measurements. 
One may reasonably conclude that the high-frequency fluctua-
tions are caused by a phenomenon whose length scale is less 
than the separation of the two stations. The amplitude of these 
fluctuations also appears to be somewhat higher at Doheny 
Beach. Figure 11 shows the surface and bottom (IO m) temper-
ature records at the La Jolla pier. It can be seen that in the 
summertime there is a well-defined thermocline apparent in 
the low-frequency record. The thermocline vanishes in winter 
as one would expect. The intermediate frequency records show 
a very high degree of correlation. The high-frequency com-
ponent shows that the surface and bottom are essentially un-
correlated and that the bottom temperatures have significantly 
greater variation in summer. This result is to be expected from 
the recent work of Winant [1974], who has found rapid and 
substantial temperature changes at the bottom near the 
Scripps pier, and Cairns [1967], who found internal waves with 
strong asymmetry in shallow water. These results seem to 
indicate that the high-frequency variation is associated with a 
vertical mixing process and the intermediate frequency varia-
tion with changes in the water body. The fact that such 
changes occur over substantial distances and virtually simulta-
neously suggests a meteorological process. As Bakun [1973] 
has shown on a relatively large scale, there are significant 
variations in the geostrophic-induced upwelling along the 
coast, and this could be responsible, although this is com-
pletely speculative at this juncture. A complete analysis of 
weather and ocean patterns in the southern and central Cali-
fornia region will be the subject of a later communication. In 
the meantime the following conclusions can be drawn. 
SUMMARY AND CONCLUSIONS 
Analysis of 3 years of daily temperature readings for the 
U.S. coastal Pacific Ocean has disclosed the following results: 
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Fig. 8. Temperature record spectra at selected Pacific coast stations 
(each curve is displaced by 10' from th:e curve below). 
I. There is a well-defined seasonal temperature fluctuation 
in southern California, but it is essentially absent between 
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Fig. 9. Temperature record spectrum for Long Beach harbor (sum-
mer 1974). 
seasonal pattern seemingly reappears in the coastal waters 
north of California. 
2. Apparently random temperature fluctuations with a pe-
riod of less than 2 weeks are a feature of the summer temper-
ature records in both northern and southern coastal waters. 
The standard deviation of these fluctuations is minimal in 
central California but of the order of 0.8°C in the summer in 
southern California and north of California. The intensity of 
these fluctuations reduces substantially in winter to a standard 
deviation of about 0.4°C. The fluctuations show almost no 
correlation between temperature stations a few miles apart. 
3. Intermediate frequency records (period of 2-16 weeks) 
show a strong correlation in southern waters but are essen-
tially uncorrelated in northern waters. There is no lag in the 
correlations between stations, implying that the length scale of 
the phenomenon causing these fluctuations must be greater 
than 150 km. 
4. The temperatures at the offshore islands, Farallon and 
Santa Catalina, seem to have little tidal component in their 
fluctuations and have only a minor correlation with coastal 
waters. 
5. Temperature fluctuations at Neah Bay, Morro Bay, Pa-
cific Grove, Santa Barbara, and Santa Monica appear to have 
a possible strong diurnal component. 
6. Although the coherence of the temperature records be-
tween stations a few miles apart is high on many occasions, the 
temperature difference between such stations will at times 
exceed Ul°C and often exceed l.0°C. 
7. The high-frequency temperature fluctuations at the bot-
tom (10-m depth) appear to be uncorrelated with surface 
fluctuations and to exceed them in intensity during the period 
when there is a well-established mean thermocline. 
8. Mean temperatures at stations a few miles apart on the 
coast may vary by as much as I °C. 
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Fig. 10. High, low, and intermediate frequency components of temperature variation at Doheny Beach and San Clemente 
beginning February 21, 1966. 
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Fig. 11. High, low, and intermediate frequency components of temperature variation at La Jolla, California, at the surface 
and bottom, beginning February 21, 1968. 
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